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(54) SWITCHING POWER SUPPLY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress increase in a switching 
frequency, and reduce a loss by providing a period control means for 
continuing the off-period of a switching element for supplying an 
electrical energy to a load, even after completing the discharge of 
excitation energy from secondary coil winding in a control circuit. 
SOLUTION: A transistor Q3 of a switching circuit 6 for constituting a 
switching power supply device 1a connects an emitter to the one end 
of feedback coil winding Nb of a transformer T via a capacitor C3 and 
a resistor R13 and connects a collector to the gate of an FETQ1 as a 
main switching element. A base is connected to the other end of the 
feedback coil winding Nb via a resistor R8. A capacitor C5 and a 
resistor R9 are respectively connected between the base and emitter 
of the transistor Q3 in parallel, and a diode D3 is connected between 
the emitter and corrector of the transistor Q3. The collector of a 

transistor Q5 is connected to one end of a primary coil winding N1 of the transformer T via a resistor 1 1 , 
and the emitter, for example, is connected to an excitation resistor R1 to make a constant-current circuit 7, 
and a starting current of the switching circuit 6 is controlled. 
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(54) SWITCHING POWER SUPPLY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress increase in a switching frequency, and 
reduce a loss by providing a period control means for continuing the off-period of 
a switching element for supplying an electrical energy to a load, even after 
completing the discharge of excitation energy from secondary coil winding in a 
control circuit. 

SOLUTION: A transistor Q3 of a switching circuit 6 for constituting a switching 
power supply device 1a connects an emitter to the one end of feedback coil 
winding Nb of a transformer T via a capacitor C3 and a resistor R13 and 
connects a collector to the gate of an FETQ1 as a main switching element. A 
base is connected to the other end of the feedback coil winding Nb via a resistor 
R8. A capacitor C5 and a resistor R9 are respectively connected between the 
base and emitter of the transistor Q3 in parallel, and a diode D3 is connected 



between the emitter and corrector of the transistor Q3. The collector of a 
transistor Q5 is connected to one end of a primary coil winding N1 of the 
transformer T via a resistor 1 1 , and the emitter, for example, is connected to an 
excitation resistor R1 to make a constant-current circuit 7, and a starting current 
of the switching circuit 6 is controlled. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transformer which has a primary coil, a secondary coil, and a 
feedback winding, the main switching element connected to said primary coil at 
the serial, And it has the control circuit connected between the control terminal of 
this main switching element, and said feedback winding. Said main switching 
element repeats ON/OFF by turns. In the "on" period of said main switching 
element Excitation energy is stored in said primary coil. Within the "off 1 period of 
said main switching element In the switching power supply equipment which 
supplies to a load the electrical energy from which emit [ electrical energy ] said 
excitation energy stored in said primary coil from said secondary coil, and it 
comes to change said excitation energy Switching power supply equipment 
characterized by equipping said control circuit with the period control means 
made into the predetermined period which continues the "off" period of said main 
switching element even after emission of said excitation energy from said 
secondary coil is completed. 

[Claim 2] Switching power supply equipment according to claim 1 which prepares 
a switching circuit between said feedback windings and control terminals of said 
main switching element, and is characterized more by ON of this switching circuit 
/ intercepting the current to predetermined time amount and the control terminal 
of said main switching element, or supply of an electrical potential difference after 
said main switching element carried out the turn-off off as said period control 
means. 

[Claim 3] The capacitor for charges and discharges by which the transistor and 



I 

I 

the end were connected to the control terminal of said transistor for said 
switching circuit, After it consists of a time constant circuit including resistance 
and said main switching element carries out a turn-off The capacitor for said 
charges and discharges charges or discharges, and the current or electrical 
potential difference of a control terminal of said transistor reaches a threshold. 
Switching power supply equipment according to claim 2 characterized by 
intercepting the current to predetermined time amount until said transistor turns 
on, and the control terminal of said main switching element, or supply of an 
electrical potential difference. 

[Claim 4] Switching power supply equipment according to claim 3 characterized 
by having the current regulator circuit which makes regularity the current which 
flows to the capacitor for said charges and discharges in order to make into 
predetermined time amount the charging time of the capacitor for said charges 
and discharges which constitutes said switching circuit. 
[Claim 5] Said current regulator circuit is switching power supply equipment 
according to claim 4 characterized by coming to have the zener diode and 
resistance which are connected to the base of a transistor and this transistor. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to switching power supply 
equipment, especially the switching power supply equipment of a self-excitation 
mold ringing choke converter (it abbreviates to RCC hereafter) method. 
[0002] 

[Description of the Prior Art] Generally, electronic equipment, such as a computer 
or communication equipment, needs the stable direct current voltage, in order to 
supply the direct current voltage stabilized from the commercial alternating 
current power source, a configuration is comparatively easy and the switching 
power supply equipment of a RCC method with high effectiveness is used widely. 
The configuration of such switching power supply equipment is explained using 
drawing 4 . 

[0003] In this drawing, 1 is switching power supply equipment and comes to have 
an input circuit 2, the DC-DC converter circuit 3, the electrical-potential-difference 
detector 4, and a control circuit 5. 

[0004] Among these, an input circuit 2 consists of a fuse F prepared between the 
diode bridge DB for rectification, and an AC power and the input edge of a diode 
bridge DB, and filter circuit LF. 

[0005] Moreover, the capacitor C1 for smooth by which the DC-DC converter 
circuit 3 was formed between the outgoing ends of the diode bridge DB of an 
input circuit 2, The transformer T which has the polar secondary coil N2 contrary 
to the 1 or primary primary coil N coil N1, and the same polar feedback winding 
Nb as the primary coil N1 FETQ1 as a main switching element connected to the 
end of the primary coil N1 of Transformer T at the serial, The resistance R1 for 
starting connected between the other end of the primary coil N1, and the gate 
which is the control terminal of FETQ1 , It consists of the resistance R10 
connected between the gate-sources of FETQ1, diode D1 for rectification 
connected to the end of the secondary coil N2 of Transformer T at the serial, and 



a capacitor C1 for smooth connected among the both ends of the secondary coil 
N2. 

[0006] Moreover, the electrical-potential-difference detector 4 established in the 
output side of the DC-DC converter circuit 3 consists of light emitting diode PD by 
the side of resistance R5 and luminescence of a photo coupler PC, a shunt 
regulator Sr, and resistance R6 and R7. Among these, it connects with a serial 
mutually and resistance R5, light emitting diode PD, and a shunt regulator Sr are 
formed in juxtaposition at the capacitor C4 of the DC-DC converter circuit 3. 
Moreover, it connects with a serial mutually and, similarly resistance R6 and R7 
is formed in juxtaposition at the capacitor C4. And the node of resistance R6 and 
R7 is connected to the shunt regulator Sr. 

[0007] Moreover, the control circuit 5 Between the end of a feedback winding Nb, 
and the gate of FETQ1 Between the ends of a transistor Q2 and a feedback 
winding Nb and the bases of a transistor Q2 which were connected between the 
resistance R13 and the capacitor C3 which were connected to the serial, and the 
gate-source of FETQ1 Between the end of the connected resistance R2, the 
resistance R3 connected to juxtaposition between the base-emitters of a 
transistor Q2 and a capacitor C2, and a feedback winding Nb, and the base of a 
transistor Q2 It consists of a photo transistor PT by the side of light-receiving of 
the resistance R4 and diode D2 which were connected to the serial, and a photo 
coupler PC. 

[0008] Next, actuation of the switching power supply equipment 1 constituted in 
this way is explained. 

[0009] First, an electrical potential difference is impressed to the gate of FETQ1 
through resistance R1 at the time of starting, and FETQ1 carries out a turn-on. If 
FETQ1 carries out a turn-on, supply voltage is impressed to the primary coil N1 
of Transformer T, an electrical potential difference occurs in the same direction 
as the electrical potential difference generated in the primary coil N1 at a 
feedback winding Nb, and FETQ1 is quickly turned on by positive feedback. At 
this time, excitation energy is accumulated in the primary coil N1 . 



[0010] And if the base potential of a transistor Q2 reaches a threshold, a 
transistor Q2 will turn on and FETQ1 will carry out a turn-off. Thereby, it is 
emitted as electrical energy through the secondary coil N2, and is rectified by 
diode D1, and smooth [ of the excitation energy accumulated in the primary coil 
N1 of Transformer T into the "on" period of FETQ1 ] is carried out by the 
capacitor C4, and it is supplied to a load. 

[0011] In this way, if the excitation energy accumulated in the primary coil N1 of 
Transformer T is altogether emitted through the secondary coil N2, an electrical 
potential difference will occur in a feedback winding Nb, and FETQ1 will carry out 
a turn-on. If FETQ1 carries out a turn-on, an electrical potential difference will be 
again impressed to the primary coil N1 of Transformer T, and excitation energy 
will be accumulated in the primary coil N1 . 

[0012] Such oscillation actuation is repeated in switching power supply 
equipment 1. 

[0013] Here, in a steady state, the partial pressure of the output voltage by the 
side of a load is carried out by resistance R6 and R7, and this detection electrical 
potential difference by which the partial pressure was carried out is compared 
with the reference voltage which a shunt regulator Sr has. And the amount of 
fluctuation of output voltage is amplified by the shunt regulator Sr, the current 
which flows to light emitting diode PD of a photo coupler PC changes, and the 
impedance of a photo transistor PT changes according to the amount of 
luminescence of light emitting diode PD. Thereby, the charge and discharge time 
of a capacitor C2 can be changed, and it is controlled so that output voltage 
becomes fixed. 
[0014] 

[Problem(s) to be Solved by the Invention] However, in conventional switching 
power supply equipment 1 , as a property of RCC, an abbreviation inverse 
proportion is carried out and the switching frequency of FETQ1 changes to load 
power. Especially, the switching frequency increased at the time of a light load, 
switching loss became large in connection with this, and there was a problem 



that circuit efficiency fell. That is, (b) and when light [ a load is comparatively 
heavy and it is whenever / (a) and middle / and ], the "on" period and "off* period 
which specify the switching frequency of FETQ1 serve as [ as shown in drawing 
5 , ] die length which was proportional to the load, respectively by (c). In addition, 
t1 , t1 1 , and t21 are the "off 1 periods of FETQ1 , respectively, and t2, t12, and t22 
are the "on" periods of FETQ1 , respectively. On the other hand, the ratio of a 
"on" period and a "off* period is not concerned with the bottom of the condition 
that an I/O electrical potential difference is certain at the gravity of a load, but is 
always fixed, and t1:t2 in (a), t11:t12 in (b), and the value of t21:t22 in (c) are 
mutually equal. Therefore, it was large, the switching frequency increased at the 
time of a light load, and the range of fluctuation of the switching frequency 
accompanying fluctuation of a load had the problem that switching loss increased 
and circuit efficiency fell. 

[0015] Moreover, when the switching frequency increased, it becomes impossible 
to have followed the control circuit 5, the so-called intermittent control action 
occurred, and there was a problem of an output ripple noise electrical potential 
difference increasing by this intermittent control action. Furthermore, when the 
switching frequency increased, compared with the case where a switching 
frequency is low, there was a problem that the cure against an EMI noise of 
switching power supply equipment 1 became difficult. 

[0016] Moreover, at the time of a short circuit, in order that FETQ1 might perform 
oscillation actuation which repeats starting and a halt, when warm-up time was 
short, the oscillation frequency became high and there was a possibility that 
FETQ1 might generate heat. 

[0017] Then, in this invention, it aims at offering the switching power supply 
equipment in which reduction of switching loss, increase prevention of the output 
ripple noise electrical potential difference by the intermittent control action, and 
exoergic control of the main switching element at the time of a short circuit are 
possible by suppressing increase of the switching frequency of the main 
switching element. 



[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
it sets to this invention. The transformer which has a primary coil, a secondary 
coil, and a feedback winding, the main switching element connected to said 
primary coil at the serial, And it has the control circuit connected between the 
control terminal of this main switching element, and said feedback winding. Said 
main switching element repeats ON/OFF by turns. In the "on" period of said main 
switching element Excitation energy is stored in said primary coil. Within the "off 1 
period of said main switching element In the switching power supply equipment 
which supplies to a load the electrical energy from which emit [ electrical energy ] 
said excitation energy stored in said primary coil from said secondary coil, and it 
comes to change said excitation energy It is characterized by equipping said 
control circuit with the period control means made into the predetermined period 
which continues the "off 1 period of said main switching element even after 
emission of said excitation energy from said secondary coil is completed. 
[0019] Moreover, as said period control means, a switching circuit is prepared 
between said feedback windings and control terminals of said main switching 
element, and off, more, after said main switching element carries out a turn-off, it 
is characterized by ON of this switching circuit / intercepting the current to 
predetermined time amount and the control terminal of said main switching 
element, or supply of an electrical potential difference. 
[0020] Moreover, the capacitor for charges and discharges by which the 
transistor and the end were connected to the control terminal of said transistor for 
said switching circuit, After it consists of a time constant circuit including 
resistance and said main switching element carries out a turn-off It is 
characterized by intercepting the current to predetermined time amount until the 
capacitor for said charges and discharges charges or discharges, the current or 
electrical potential difference of a control terminal of said transistor reaches a 
threshold and said transistor turns on, and the control terminal of said main 
switching element, or supply of an electrical potential difference. 



[0021] Moreover, in order to make into predetermined time amount the charging 
time of the capacitor for said charges and discharges which constitutes said 
switching circuit, it is characterized by having the current regulator circuit which 
makes regularity the current which flows to the capacitor for said charges and 
discharges. 

[0022] Moreover, it is characterized by said current regulator circuit coming to 
have the zener diode and resistance which are connected to the base of a 
transistor and this transistor. 

[0023] Since it considers as the predetermined period continued even after the 
"off 1 period of the main switching element is not concerned with the gravity of a 
load but excitation energy is emitted from a transformer according to the 
switching power supply equipment of this invention which has the above- 
mentioned configuration, increase of a switching frequency is controlled. Thereby, 
especially the switching loss at the time of a light load is reduced sharply. 
[0024] Moreover, the "off' period of the main switching element is not concerned 
with the gravity of a load, but since it considers as the predetermined period 
continued even after excitation energy is emitted from a transformer, the 
response of the control system over switching operation will be made certainly. 
Therefore, the intermittent control action of the main switching element is 
prevented, and there is no fear of increase of an output ripple noise electrical 
potential difference. 

[0025] Moreover, since warm-up time is extended, even if the main switching 
element repeats starting and a halt at the time of a short circuit, since the 
oscillation period is long, switching loss is small and generation of heat of the 
main switching element is small. 

[0026] Moreover, since the charge and discharge time of the capacitor for the 
charges and discharges of a switching circuit is kept constant by preparing the 
current regulator circuit which controls the starting current uniformly also when 
the fluctuation range of the input voltage from an AC power is wide, the control 
which makes the "off" period of the main switching element a predetermined 



period is made certainly. 
[0027] 

[Embodiment of the Invention] The configuration of the switching power supply 
equipment concerning one example of this invention is explained using drawing 
1 . In addition, the point that switching power supply equipment 1a shown in this 
drawing differs from the switching power supply equipment 1 shown in drawing 4 
is a point of having the switching circuit 6 as a period control means, and a 
current regulator circuit 7, and it is in this drawing except switching circuit 6 and 
current regulator circuit 7, and the sign same into a corresponding part identically 
to drawing 4 is attached, and the explanation is omitted. 
[0028] In drawing 1 , the switching circuit 6 which constitutes switching power 
supply equipment 1a comes to have the transistor Q3 of an PNP mold, the 
capacitor C5 for charges and discharges, diode D3, and resistance R8 and R9. 
Among these, an emitter is connected to the end of the feedback winding Nb of 
Transformer T through a capacitor C3 and resistance R13, a collector is 
connected to the gate of FETQ1 as a main switching element, and, as for a 
transistor Q3, the base is connected to the other end of a feedback winding Nb 
through resistance R8. Moreover, a capacitor C5 and resistance R9 are 
connected to juxtaposition between the base-emitters of a transistor Q3, 
respectively. Moreover, diode D3 is connected to juxtaposition between the 
emitter-collectors of a transistor Q3. 

[0029] Moreover, a current regulator circuit 7 comes to have a transistor Q5, 
zener diode ZD, and resistance R11 and R12. Here, the collector of a transistor 
Q5 is connected to the end of the primary coil N1 of Transformer T through 
resistance R1 1 , and the emitter is connected to the starting resistance R1 . 
Moreover, both the zener diode ZD and the resistance R12 are connected 
between the positive terminal of a capacitor C1 , and a negative terminal. 
[0030] Thus, the current regulator circuit 7 constituted is for controlling uniformly 
the starting current supplied to a switching circuit 6 through the resistance R1 for 
starting, and if same actuation is carried out, generally the current regulator 



circuit of any well-known configurations can be substituted for it. 

[0031] Next, actuation of switching power supply equipment 1a constituted in this 

way is explained. 

[0032] In switching power supply equipment 1a, after FETQ1 carries out a turn- 
off, it intercepts predetermined time that the electrical potential difference 
generated in the feedback winding Nb of Transformer T is impressed to the gate 
of FETQ1 by the switching circuit 6. That is, if a current will flow through 
resistance R1, the capacitor C5 of a switching circuit 6 will begin to be charged, if 
a transistor Q2 turns on and FETQ1 carries out a turn-off, and this charge 
electrical potential difference reaches the threshold of a transistor Q3, a 
transistor Q3 turns on, and an electrical potential difference is impressed to the 
gate of FETQ1 , and FETQ1 carries out a turn-on and turns on quickly by positive 
feedback. And excitation energy is stored in the primary coil N1 of Transformer T, 
a capacitor C2 is charged to a threshold by predetermined time amount, a- 
transistor Q2 turns on, and FETQ1 carries out a turn-off. Therefore, by the time 
amount from the turn-off of FETQ1 to ON of a transistor Q3 turning into a "off 1 
period of FETQ1 , and controlling the charge and discharge time of the capacitor 
C5 of a switching circuit 6, the "off" period of FETQ1 can be extended and it can 
consider as the period of the abbreviation regularity which continues the "off 1 
period of FETQ1 even after emission of the excitation energy from the secondary 
coil N2 of Transformer T is completed. 

[0033] Moreover, the starting current which flows to a capacitor C5 through 
resistance R1 is uniformly controlled by the current regulator circuit 7, and the 
charging time of a capacitor C5 serves as abbreviation regularity. 
[0034] Moreover, at the time of starting, after the charge electrical potential 
difference of the capacitor C5 which constitutes a switching circuit 6 reaches the 
threshold of a transistor Q3, in order that a transistor Q3 may turn on and FETQ1 
may carry out a turn-on, warm-up time is extended. 

[0035] Next, in switching power supply equipment 1a constituted in this way, it is 
shown in drawing 2 R> 2 how the "on" period and "off" period which specify the 



switching frequency of FETQ1 change by fluctuation of a load, i.e., the gravity of 
a load. In drawing 2 , (b) and when light [ the load of switching power supply 
equipment 1a is comparatively heavy and it is whenever / (a) and middle /, and ], 
it is (c), and t1 , t1 1 , and t21 are "on" periods, respectively, and tt is a "off" period. 
Here, since the "off' period is set as a fixed period tt continued even after 
emission of excitation energy is completed, only a "on" period will be changed 
with t1-t11-t21. Therefore, the range of fluctuation of a switching frequency 
becomes small, and increase of a switching frequency is controlled. 
[0036] Moreover, the "off 1 period of FETQ1 is not concerned with the gravity of a 
load, but since the period of the abbreviation regularity continued even after 
excitation energy is emitted from a transformer comes, the response of a control 
system will be made certainly. Therefore, the intermittent control action of FETQ1 
is prevented and there is no fear of increase of an output ripple noise electrical 
potential difference. 

[0037] Moreover, by warm-up time being extended, at the time of a short circuit, 
since an oscillation period becomes long even if FETQ1 repeats starting and a 
halt, switching loss becomes small and generation of heat of FETQ1 will become 
small. 

[0038] Moreover, since the starting current is uniformly controlled by the current 
regulator circuit 7 also when the fluctuation range of the input voltage from an AC 
power is wide, the charging time of the capacitor C5 for the charges and 
discharges of a switching circuit 6 is kept constant. Therefore, the control which 
makes the "off 1 period of FETQ1 a predetermined period is made certainly. 
[0039] Next, the modification of the above-mentioned example is explained using 
drawing 3 . In addition, to switching power supply equipment 1a shown in 
drawing 1 , the configurations of switching circuit 6a differ, in this drawing, 
switching power supply equipment 1b shown in this drawing is except switching 
circuit 6a, and attaches the sign same into a corresponding part identically to 
drawing 1 , and the explanation is omitted. Moreover, since the effectiveness 
acquired by switching power supply equipment 1b is the same as that of 



switching power supply equipment 1a, explanation is omitted. 
[0040] In drawing 3 , 1b is switching power supply equipment, and comes to have 
switching circuit 6a as a period control means. Switching circuit 6a comes to 
have the transistor Q4 of an NPN mold, a capacitor C5, diode D3, and resistance 
R10. Among these, a collector is connected to the end of the feedback winding 
Nb of Transformer T through a capacitor C3 and resistance R13, and, as for a 
transistor Q4, an emitter is connected to the gate of FETQ1 as a main switching 
element. Moreover, an end is connected to the base of a transistor Q4, and, as 
for a capacitor C5, the other end is connected to the other end of the feedback 
winding Nb of Transformer T. Moreover, diode D3 is connected to juxtaposition 
between the emitter-collectors of a transistor Q4. 

[0041] In addition, in each above-mentioned example, the starting current is kept 
constant, and although the case where the current regulator circuit for making 
regularity the charging time of the capacitor for charges and discharges which 
constitutes a switching circuit was prepared was explained, the switching power 
supply equipment which is not equipped with such a current regulator circuit is 
also within the limits of this invention. 
[0042] 

[Effect of the Invention] Since it considers as the predetermined period continued 
even after the "off 1 period of the main switching element is not concerned with 
the gravity of a load but excitation energy is emitted from a transformer according 
to the switching power supply equipment of this invention, increase of a switching 
frequency is controlled. Thereby, especially the switching loss at the time of a 
light load is reduced sharply. 

[0043] Moreover, the "off 1 period of the main switching element is not concerned 
with the gravity of a load, but since it considers as the predetermined period 
continued even after excitation energy is emitted from a transformer, the 
response of the control system over switching operation will be made certainly. 
Therefore, the intermittent control action of the main switching element is 
prevented, and there is no fear of increase of an output ripple noise electrical 



potential difference. 

[0044] Moreover, at the time of starting, in a switching circuit, after the charge 
electrical potential difference of the capacitor for charges and discharges reaches 
the threshold of a transistor, in order that a transistor may turn on and the main 
switching element may carry out a turn-on, warm-up time is extended. Therefore, 
even if the main switching element repeats starting and a halt at the time of a 
short circuit, since switching loss becomes small, generation of heat of the main 
switching element is small [ an oscillation period is long, and ]. 
[0045] Moreover, since the charging time of the capacitor for charges and 
discharges which constitutes a switching circuit is kept constant by preparing the 
current regulator circuit which controls the starting current uniformly also when 
the fluctuation range of the input voltage from an AC power is wide, the control 
which makes the "off" period of the main switching element a predetermined 
period is made certainly. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the circuit diagram showing the switching power supply 



equipment concerning one example of this invention. 

[Drawing 2] In the switching power supply equipment of drawing 1 , it is the 

mimetic diagram showing the difference in the die length of the "on" period of the 

main switching element by the gravity of a load, and a "off 1 period. 

[Drawing 3] It is the circuit diagram showing the modification of the switching 

power supply equipment of drawing 1 . 

[Drawing 4] It is the circuit diagram showing conventional switching power supply 
equipment. 

[Drawing 5] In the switching power supply equipment of drawing 4 , it is the 
mimetic diagram showing the difference in the die length of the "on" period of the 
main switching element by the gravity of a load, and a "off 1 period. 
[Description of Notations] 
1a, 1b Switching power supply equipment 

6 6a Switching circuit (a period control means, time constant circuit) 

C5 Capacitor for charges and discharges 

N1 Primary coil 

N2 Secondary coil 

Nb Feedback winding 

Q1 FET (the main switching element) 

Q3, Q4 Transistor 

T Transformer 
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